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1.0 Introduction

1.1 General

Pursuant to the District 11 Consent Decree, a BMP Retrofit Pilot Program is required to
investigate the constituent removal efficiency, technical feasibility and costs of retrofitting
Caltrans facilities with selected Best Management Practices (BMPs). This report documents the
design parameters associated with the implementation of Best Management Practices for storm
water discharges from the three Caltrans District 11 PS&E sites.  Siting information for each of
these locations is provided in the report entitled, “BMP Retrofit Pilot Program, Composite Siting
Study, District 11” dated May 26, 1998, by Robert Bein, William Frost & Associates.  The BMP
Pilot Projects discussed in this report are two extended detention basins, and one infiltration
basin.

1.2 Objectives

The purpose of this study is to provide design criteria in support of the construction drawings of
the three BMP Retrofit Pilot Program projects.  Specifically, the objectives of this report are as
follows:

•  Define hydrologic criteria for the design of the BMPs.
•  Develop discharges for the design conditions above.
•  Define hydraulic criteria for the design of the BMPs.
•  Define design parameters for each BMP.
•  Provide technical calculations supporting the drainage facility designs shown on the

construction drawings.

1.3 Project Locations

Project and site reference numbers are as indicated in the program Scoping Study, dated May 22,
1998 and Status Report #1, dated March 30, 1998.

1.3.1 Project 1, Site 1:  I-15/SR-78 Extended Detention Basin

The BMP Retrofit Pilot Project at Site 1 is an extended detention basin located at the I-15/SR-78
intersection.  The basin is located in the area bounded by the I-15 north /SR-78 east connector to
the north, the I-15 southbound mainline to the east, and the I-15 southbound/ SR-78 east
connector to the south.

1.3.2 Project 3, Site 1:  I-5/SR-56 Extended Detention Basin

The BMP Retrofit Pilot Project at Site 2 is an extended detention basin located south of Carmel
Valley Road and west of I-5 at the I-5/SR 56 interchange.  The project site is bounded by the I-5
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southbound/SR-56 westbound connector to the east, and Old Sorrento Valley Road to the west.

1.3.3 Project 3, Site 2:  I-5/La Costa Avenue

The BMP at this site is an infiltration basin located adjacent to the southbound I-5 offramp at La
Costa Avenue.  The site is bounded by the La Costa Avenue offramp to the East, the Batiquitos
Lagoon to the north, La Costa Avenue to the south, and Caltrans R/W to the west.

1.4 Construction Costs

The estimated cost of construction for the three sites is $1,091,694.00.  This estimate includes
$259,000 allocated for construction of the concrete lining of the I-15/SR-78 extended detention
basin.  A copy of the Engineer’s Estimate is included in Appendix E.

2.0 HYDROLOGIC CHARACTERISICS

2.1 Rainfall Characteristics

San Diego County has a Mediterranean-type climate characterized by long, dry summers and
mild winters.  The average annual precipitation is about 12 inches and increases to about 18
inches in elevations above 2000 feet.  Most of the precipitation occurs form November through
March, with little or no rainfall from May through October.  The average rainfall depth,
calculated using the rainfall obtained from the Averaged Mass Rainfall Plotting Sheets
(Appendix A), for a 1-year, 24-hour storm is 1.5 inches.

2.2 Soil Types and Infiltration

Based on the U.S. Soil Conservation Services criteria, soils are classified into four hydrological
soil groups: A, B, C, and D, where A is the most pervious with low runoff potential (such as sand
or gravel) and D is the least pervious with high runoff potential (such as clay soils).

2.3 Methodology and Procedure

a. The County of San Diego Department of Public Works, Flood Control Division Hydrology
Manual, dated January 5, 1985 was the procedure used for hydrologic computations.

b. Hydrologic calculations were performed using the Advanced Engineering Software (AES)
Rational Method computer program for the 6-month, 1-year, and 25-year design storms.

c. Rainfall intensities were obtained from the isohyetals provided in the hydrology manual.
The 6-month and 1-year 24-hour storms were extrapolated from the 2-year, 24-hour and 6-
hour isohyetals.  (See Appendix A.)

d. The unit hydrograph procedure was used to compute storm water runoff volumes.  User
specified rainfall-intensity data was determined by plotting the 6-month, 1-year, and 25-
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year, 24-hour storm data on a mass rainfall plotting sheet.  The data pairs were then selected
and input into the AES Small Area Unit Hydrograph Modeling computer program.

2.4 Summary of Results

The hydrology maps for all sites are located in Appendix C.  The hydrology maps show the
tributary areas for drainage to the BMP Retrofit sites.  Appendix A contains the result of the AES
hydrologic calculations for the sites identified in this report.

3.0 WATER QUALITY DESIGN DISCUSSION AND ASSUMPTIONS

3.1 Project 1, Site 1:  I-15/SR-78 Extended Detention Basin

The pilot is an in-line, concrete lined, extended detention basin with a tributary area that includes
mainline freeway, a collector ramp and some adjacent slope areas for a total tributary area of 13.4
acres.  Concrete lining will be deleted from the contract should this element prove to be
unnecessary after further discussion with vector control and resource agencies.  Inflow to the
basin occurs at a single point, the total computed 1-year, 24-hour water quality design volume is
0.91 acre-feet.  Flow is discharged through a series of orifices cut into the wall of the riser outlet.
The orifices were set at two stages; the 6-month at the basin invert and the 1-year at the 6-month
water surface elevation.  A summary of the orifice calculations is shown in the table below.

Storm frequency Number of orifices Orifice Diameter (in) Orifice Invert (ft)
6-month 2 1.64 0
1-year 2 1.01 3.35

A debris screen (¼” openings) protects the orifices from clogging as well as providing a 1-foot
wide, 180f clear zone flow path.  The rim of the riser has been set at the 1-year, 24-hour storage
elevation.  Less frequent storms will discharge through the top of the riser.  An additional riser
was provided for the 25-year storm recurrence interval and to pass higher flows.  The area
surrounding the basin which is disturbed during construction will be stabilized to reduce erosion
potential using a hydroseed mix as indicated in the project specifications, Design Directive
Memorandum No. 6, and page three of the planting recommendations by Martha Blane &
Associates, dated May 12, 1998.  (Appendix D.)

Maintenance access is provided at the perimeter of the basin.  Storm water samples will be taken
using automated equipment at both the basin inflow and outflow points.  The discharge to the
basin outlets onto a grouted riprap pad, which serves to reduce the outlet velocity and spreads the
flow.  The basin has a L:W ratio of 10:1.
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The basin was designed as an inline facility to capture the tributary watershed for water quality
monitoring purposes. In addition, the basin will accommodate less frequent storm events. A canal
gate at the basin invert is provided to drain the basin should clogging of the orifice occur.  A 30-
foot clear zone setback to adjacent ramps and the freeway mainline was maintained adjacent to
the basin.  An AC pullout was provided to access the maintenance road located at the perimeter
of the basin.  Basin side slopes are 1:4.  The residence time is 72-hours for the 6-month and 1-
year storm frequency.  Water depths are 3.35 feet and 3.77 feet respectively.

3.1.1 Tributary Drainage Area

The location selected for the Pilot Project is an infield area bounded by existing Caltrans ramps
and freeway mainline.  A storm drain system discharges to an existing depression, this depression
will be enlarged to form the proposed extended detention basin.  Outflow from the current
depression discharges via an existing 30-inch storm drain system under the SR-78 eastbound/I-15
southbound connector.  This existing Caltrans storm drain joins a municipal system near the
southerly Caltrans right-of-way.

The existing municipal system connection was not sized to receive additional storm flows other
than those currently draining to the proposed basin location.  A detailed hydrology study would
be required to determine the improvements necessary to the system downstream of the Caltrans
right-of-way.  Substantial improvements to other downstream facilities could also be necessary
as a result of this diversion.  An additional study would be required to estimate the costs for such
improvements.  A general principle of storm water master planning is to design the storm drain
system to carry a specified capacity of flow for a particular rainfall return period.  The capacities
include future development (urbanization) for the watershed based on the area General Plan.  By
re-directing flow from one storm drain system to another the original storm drain master plan
assumptions are violated.  Even if excess downstream hydraulic capacity currently exists at a
particular site, future development will use this capacity per master planning precepts.  Walesh
(1989) gives a good overview of the storm drain master planning process.  General master
planning principles, in combination with specific design criteria (Caltrans, County of San Diego,
and local cities as appropriate) define the existing storm drain system capacity.  Capacity beyond
that required by the master planning process is not provided.  Further, urban areas tend to
increase in density as they urbanize, further exacerbating storm drain system capacity problems
(Walesh, 1989).

Additional drainage area within the Caltrans right-of-way could be diverted to the proposed basin
location by modifying the site to provide: 1) additional inflow piping, and 2) an upgrade to the
existing outflow piping (see Hydrology Map areas X1 and X2, Appendix C).  The cost to divert
the additional runoff was estimated to be $314,400. Table 1 itemizes the costs to route an
approximate additional 16 acres (Area X1), via the existing 24-inch storm drain, to the BMP site.
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The following changes to the storm drain system (within Caltrans right-of-way) would be
required:

Table 1

Description Quantity Unit Price Total Cost
Jacking Pit 1 ea $50,000 $50,000
Receiving Pit 1 ea $50,000 $50,000
Jacked Pipe 225 lf, 48” RCP $500 $112,500
Headwall 1 ea $2500 $2,500
24” Storm Drain 470 lf $100 $47,000

Contingency @ 20% $52,400
Total $314,400

Approximately 3 acres (Area X2) of runoff from a portion of the I-15 freeway could theoretically
be re-routed to the proposed BMP basin.  This would involve jacking under the southbound
travel lanes of I-15.

3.1.2 Siting Constraints

The primary constraints on siting of the basin were to 1) maintain a 30-foot clear zone setback
from all highway and mainline freeways, 2) provide suitable maintenance ingress and egress, 3)
minimize construction costs (removal and land fill expenses) due to the use of the infield area as
a disposal site for a demolished bridge.  The basin depth was also governed by the invert
elevations of the existing storm drain system.  Since the inlet and outlet elevations of the existing
storm drain systems could not be changed, the basin depth relative to the existing grade was
fixed.

The site did provide sufficient space to allow a relative long, linear type layout (10:1 L:W ratio)
while still maintaining adequate setback distance from the travel ways and adjacent slope areas.
A significant portion of the existing storm drain system (about 220 feet) is being removed to
accommodate the basin.

3.2 Project 3, Site 1:  I-5/SR-56 Extended Detention Basin

The pilot project is an in-line, earthen, extended detention basin with a tributary area that
includes mainline freeway, a collector ramp and some adjacent slope areas for a total tributary
area of 5.3 acres.  Inflow to the basin occurs at a single point, the total computed 1-year, 24-hour
water quality design volume is 0.32 acre-feet.  Flow is discharged through a series of orifices cut
into the wall of the riser outlet.  The orifices were set at two stages; the 6-month at the basin
invert and the 1-year at the 6-month water surface elevation.  A summary of the orifice
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calculations is shown in the table below.

Storm frequency Number of orifices Orifice Diameter (in) Orifice Invert (ft)
6-month 2 1.15 0
1-year 2 0.70 1.48

A debris screen (¼” openings) protects the orifices from clogging as well as providing a 1-foot
wide, 180f clear zone flow path.  The rim of the riser has been set at the 1-year, 24-hour storage
elevation.  Less frequent storms will discharge through the top of the riser.  A spillway designed
for the 25-year storm recurrence interval has been incorporated to pass higher flows.  The basin
and the surrounding area which is disturbed during construction will be stabilized to reduce
erosion potential using a hydroseed mix as indicated in the project specifications, Design
Directive Memorandum No. 6, and page three of the planting recommendations by Martha Blane
& Associates, dated May 12, 1998.  (Appendix D.)

Maintenance access is provided at the perimeter of the basin.  Storm water samples will be taken
using automated equipment at both the basin inflow and outflow points.  The discharge within
the basin outlets onto a riprap pad, which reduces the outlet velocity thereby protecting the invert
of the basin as well as dispersing the flow.  Storm water from the basin discharges to an existing
riprap pad, located within an easement, at a sump adjacent to Sorrento Valley Road.  The basin
side slopes are stabilized with the seed mix shown in the specifications.  The basin flowpath
geometry is a L:W ratio of approximately 6:1.

The basin was designed as an online facility to capture the tributary watershed for water quality
monitoring purposes. In addition, the basin will accommodate less frequent storm events. The
site geometry requires a riprap deflection berm to prevent short circuiting the basin. A canal gate
at the basin invert is provided to drain the basin should clogging of the orifice occur.  An asphalt
concrete maintenance road is located above the basin.

3.2.1 Tributary Drainage Area

The existing storm drain system captures about 5.3 acres, which is tributary to the BMP Retrofit
site.  Flow discharges from the site to the rock slope protected shoulder of Old Sorrento Road.
This is an existing outflow condition. Redirecting additional flow to this site would result in
additional storm water crossing Old Sorrento Road and discharging directly into the Torrey Pines
State Reserve, an environmentally sensitive area.

3.2.2 Siting Constraints
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The site was selected as a conversion of a desilting basin constructed as a part of the new I-5/SR-
56 interchange work.  The basin site is constrained by slopes, structures or right-of-way on each
boundary; however, some modifications to expand the available area were incorporated.  A
portion of the site was used as a disposal area for excess earth associated with the interchange
construction.  This fill was removed as a part of the design of the basin (along the easterly
boundary) and the basin was designed to complement the existing 2:1 slope (ramp embankment).
To the west, Old Sorrento Road and Caltrans right-of-way provide the boundary of the work, and
to the south, an existing 2:1 slope and the Caltrans right-of-way are a constraint.  Given these
constraints, the site area was maximized for the retrofit project and neither additional tributary
area nor expansion of the size of the facility is practical.

3.3 Project 3, Site 2:  I-5/La Costa Avenue Infiltration Basin

The pilot is an off-line, infiltration basin with a tributary area that includes mainline freeway, an
off ramp and some adjacent slope areas for a total tributary area of 3.2 acres.  Inflow to the basin
occurs at a single point, the total water quality design volume is 0.20 acre-feet.  Flow percolates
into the ground through permeable soils.  The average in-drill hole permeability rate for this site
is 2(10-5) ft/s (0.86 in/hr or 6.2(10-4)cm/s).  The depth to the seasonal high water table from
existing ground is about 8 feet.  The rim of the basin has been set at the 1-year, 24-hour storage
elevation. The basin and the surrounding area which is disturbed during construction will be
stabilized to reduce erosion potential using a hydroseed mix as indicated in the project
specifications, Design Directive Memorandum No. 6, and page three of the planting
recommendations by Martha Blane & Associates, dated May 12, 1998.  (Appendix D.)

Maintenance access is provided at the perimeter of the basin.  Ground water samples will be
obtained at a well located downstream from the infiltration basin.  The discharge to the basin
outlets onto a riprap pad.  The basin side slopes are stabilized with the seed mix shown in the
specifications.

The basin was designed as an offline facility to capture the tributary watershed for water quality
monitoring purposes. The existing inlets located at the southbound edge of shoulder will be
replaced to accommodate the one-year storm water quality peak flow.  The existing outflow pipes
were reconnected to the proposed inlet at the existing invert elevation.  A flow restrictor plate
was used to reduce diversion of less frequent storm events. The depth of the infiltration basin
was restricted by the elevation of the ground water table.  The potential existing wetland areas
and the 30-foot clear zone setback also confine the shape and location of the basin.

3.3.1 Tributary Drainage Area

The area tributary to this retrofit pilot site is 3.2 acres.  The area tributary to the site in the
existing condition is about 1.5 acres.  It was feasible to divert additional area to this site because
a) the diversion could be accomplished without a costly jacking operation, and b) the site
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discharges directly to the Batiquitos Lagoon, and no downstream storm drain systems are
impacted.  The cost for constructing the pipe and manholes along the southbound I-5 shoulder to
direct the additional flow to the site is approximately $75,000.  It is not feasible to direct any
additional flow to the site for two reasons.  First, the redirection of additional flow would require
jacking of a storm drain under the La Costa Avenue offramp with the associated expense of such
an operation (estimated at about $250,000).  Second, based on field observations, the flow line
elevation of the storm drain inlets along the mainline freeway are at or near the elevation of the
seasonal high ground water table.  If additional runoff were diverted to the basin, the potential for
mainline flooding would be exacerbated due to an increase of the hydraulic grade line at the
basin outlet.

3.3.2 Site Constraints

The site at La Costa Avenue (west) is constrained by the existing Caltrans offramp to the east,
existing Caltrans right-of-way to the west, and jurisdictional wetland areas to the west, north and
south.  The project biologist provided a preliminary review of the site and determined that
potential jurisdictional wetland areas occur directly to the south of the basin site (as evidenced by
a large depression and wetland plants established there) and directly to the west and north. A
more detailed assessment was done in the area of the basin in order to confine the construction to
non-jurisdictional area, as shown on the Hydrology Map.  The area to the north begins
encroaching on the upland portion of the Batiquitos Lagoon.  The area available for the
infiltration basin could be marginally expanded; however, construction begins to encroach on
two large Canary Island palm trees and the potential wetland.  The relocation of the trees was
determined to be undesirable due to the additional costs.  To the east, the site is constrained by
the La Costa Avenue offramp and the 30-foot clear zone setback.

4.0 HYDRAULIC ANALYSIS – ALL LOCATIONS

4.1 Design Criteria

Technical references include the Caltrans Highway Design Manual (Caltrans 1997), and the
Caltrans Storm Water Quality Handbook, Planning and Design Staff Guide (Caltrans 1996) and
the project Scoping Study.

4.2 Methodology and Design Procedures

a. The inlet capacity for the GMP and modified GMP inlets with debris rack cages over the
top of the inlet was calculated using “Figure 6.1-5: Circular Riser Inflow Curves”, from the
U.S. Department of Agriculture.

b. The orifice opening was calculated using the orifice equation cited in the Caltrans Storm
Water Quality Handbook, Planning and Design Staff Guide.
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c. Full pond drawdown time of 72-hours.
d. The surface area is computed from the 1-year water runoff volume.

4.3 Summary of Results

The extended detention basin risers will control the water quality inflow to achieve the desired
detention time, and discharge storm events greater than the one year water quality volume with
less attenuation.  The infiltration basin has been designed as an offline device.  The peak water
quality inflow will be directed to the infiltration basin, the portion of the storm with a peak
discharge in excess of the 1-year 24-hour storm will bypass the facility.  Hydraulic calculations
are provided in Appendix B.
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Refer to Appendix B, Hydraulic Calculations, I-5/SR-56 Extended Detention Basin,
Basin Design and Volume Calculations for the 6 month volume calculation.
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